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Description 

The present invention relates to means for fixing 
joint prostheses. 

A common met hod of anchoring a joint prost hesis 
is cementing it to bone tissue, i.e. filling a gap be- 
tween the joint prosthesis and the osseous wall with 
bone cement. The problem of unsatisfactory long- 
term fixation of cemented prostheses has resulted in 
that use is now less frequently made of cement for fix- 
ing prostheses. In this context, it is vital that the 
shape of the prosthesis stem, which is inserted in the 
cavity reamed in the bone, conforms well with the 
shape of the cavity, and thatthe bridging distance be- 
tween the osseous wall and the surface of the pros- 
thesis stem is as short as possible to allow bone tis- 
sue to form and, within a reasonable time, grow onto 
the prosthesis from all sides to anchore it to the oss- 
eous wall. The minimum bridging distance is of course 
a true physical contact between the prosthesis sur- 
face and the osseous wall but, in a joint prosthesis in 
a bone, it is highly unlikely that such contact can be 
established other than at points, which is not suffi- 
cient. It is difficult to combine the cementless method, 
consisting in establishing such a physical contact and 
providing good long-term f ixation but poor short-term 
fixation, with the method using bone cement which 
provides good short-term fixation but poor long-term 
fixation, since the bone cement isolates the prosthe- 
sis surface from the osseous wall. 

According to DE-A-2, 305,441 a spanner connec- 
tion for an implant is characterized in that an accumu- 
lation of balls is arranged in the space between cor- 
ticalis and the partly hollow implant shaft and has a 
pressing effect approximately perpendicular to the 
corticalis wall in that a transverse pin movable in a 
longitudinal slot presses said accumulation in the hol- 
low part of the shaft. 

US-A-4,497,075 describes a filler for filling in hol- 
low portions of bones, comprising powders of a cal- 
cium phosphate compound, said powders being flui- 
dized or plasticized. 

According to the invention, the fixation of the joint 
prosthesis to bone tissue is ensured by the means ac- 
cording to claim 1. After the operation is completed, 
these grains should be tightly packed and locked rel- 
ative to each other and to the bone tissue and the 
prosthesis stem. By using grains as anchoring 
means, larger tolerances between the prosthesis 
stem and the osseous wall are permissible as com- 
pared with conventional cementless operations, the 
problems linked with the use of bone cement being at 
the same time eliminated. Thus, the present invention 
offers a solution to the problem of achieving good 
short-term fixation as well as good long-term fixation. 

In practice, the fixation of the prosthesis can be 
achieved in different ways. 

Preferably, the fixation is carried out in the follow- 



ing way. 

A cavity is reamed in the bone in which the pros- 
thesis is to be applied. Grains of biologically compat- 
ible material are placed in the cavity so as to form a 

5 bed, whereupon the prosthesis is driven down into 
the grain bed until substantially the entire prosthesis 
stem is surrounded by the grains. A device for retain- 
ing the grains is applied around the prosthesis stem, 
and the prosthesis is finally fixed, optionally by strik- 

10 ing it with a tool. 

More specifically, the mixture of grains is first in- 
serted in the cavity so as to substantially fill the cavity 
as a bed of grains. The grain bed should reach sub- 
stantially up to the resection surface. The distal end 

15 of the prosthesis stem is thereafter inserted in the 
bed, and the grains are subjected, by a striking force 
exerted on the prosthesis, to vibrations of such a fre- 
quency that the grains are caused to fluidize. While 
the grains are fluidized, the stem is driven down into 

20 the bed, substantially to its intended final position. 
The grains in the bed are thereafter subjected to vi- 
brations of such a second frequency that packing, i.e. 
interlocking and compaction, of the grains with re- 
spect to each other, and of the grains with respect to 

25 the prosthesis stem and the bone tissue is brought 
about 

After said interlocking and compaction step, the 
prosthesis may optionally be finally fixed by strokes 
exerted on the prosthesis in the longitudinal direction 

30 thereof. 

According to the invention, said cavity has as 
lower boundary a stop plug which is passed down 
through the cavity and which may serve as an abut- 
ment to the stresses deriving from the above- 

35 mentioned striking/driving-down forces. 

Alternatively, the grain mixture can be inserted in 
the cavity after the prosthesis stem, here being con- 
ically tapering, has been inserted in the cavity. In this 
case, the prosthesis stem thus is first inserted in the 

40 cavity so as to leave a gap between the boundary 
wall of the cavity, which consists of bone tissue, and 
the outer friction surface of the prosthesis stem. The 
grain mixture is thereafter inserted in said gap, sub- 
stantially up to the level of the resection surface. The 

45 compaction step is thereafter carried out by striking 
one or more times on the head of the stem. In this 
manner, the grains will be wedged with respect to 
each other, i.e. packed in said gap, thus bringing 
about said compaction and interlocking. 

so As earlier mentioned, for fixing a joint prothesis 
with the means according to the invention use is 
made of prostheses the stems of which have an outer 
friction surface which is adapted, after the operation 
is completed, to ensure mechanical locking between 

55 the prosthesis stem and the grains. The outer friction 
surface is formed with irregularities or unevennesses 
which may, but need not necessarily, be of substan- 
tially the same size as the grains. The shape of the 
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outer friction surface is not critical as long as the 
grains can engage the unevennesses thereon. Cor- 
responding interlocking between the grains and the 
osseous wall is obtained since the osseous wall will 
have unevennesses which result from the reaming 
operation and in which the grains can engage. 

The engagement between the outer surface of 
the stem and the grains, between the different grains, 
and between the grains and the bone tissue is en- 
hanced if the stem, after the vibration step, is subject- 
ed to the optional final fixing stroke/strokes. In this 
way, the grains adjacent the bone tissue will pene- 
trate, if they have not previously done so during the 
locking and compaction step, deep into the osseous 
wall and into engagement with the outer surface of 
the stem. 

In order to make it easier to drive the prosthesis 
down into the grain bed, the distal end of the prosthe- 
sis stem is suitably pointed, and the prosthesis stem 
is conically tapering towards its distal end. 

The grains which are used in the method accord- 
ing to the invention must satisfy certain requirements 
to give a satisfactory result of the surgical operation. 
Thus, the grains must consist of biologically compat- 
ible material. One example of such materials primarily 
is titanium (having, after oxidation in air, an outer layer 
of titanium dioxide). Other suitable materials are tan- 
talum, niobium and alloys thereof, like titanium alloys. 
So-called bioceramics, such as Al 2 0 3 , bioglass and 
hydroxyapatite, can also be used. Grains of other ma- 
terials which have been surface-coated with layers of 
biologically compatible material, preferably titanium, 
may of course also be used. Further, the grain mass 
may consist wholly or partly of grains of body- 
endogenous material, such as ground bone tissue. 

As mentioned above, the grain mixture applied in 
the cavity is a substantially homogenous mixture. The 
grains should have a substantially even particle size 
distribution such that, when it comes to interlocking 
and compaction by vibration, no stratification in differ- 
ent particle sizes should occur in the cavity with a 
consequent risk of uneven and impaired bone on- 
growth. The term "substantially even particle size dis- 
tribution" as used herein means that the "particle di- 
ameter" may vary by ±50%, preferably ±25% or less. 
The absolute grain size may vary within relatively 
wide ranges, a particle size of below about 5 mm be- 
ing regarded as optimal. The lower limit may be diffi- 
cult to set. Very small grain particles might be usable 
in combination with a biologically compatible liquid 
binding the small grain particles (the fines). Normal- 
ly, use is however made of grain particles of sizes 
above 0.1 mm. Preferably, the upper limit may be at 
about 2 mm and the lower limit at about 0.5 mm. Gen- 
erally speaking, the particle size is selected with re- 
gard to the space which, after the operation is com- 
pleted, should be packed with grains, i.e. coarser par- 
ticles are thus normally chosen e.g. for hip-joint op- 



erations, while smaller particle sizes are used e.g. for 
finger-joint operations. 

In order to provide total interlocking, i.e. locking 

5 of osseous wall to grains, grains to grains, grains to 
prosthesis stem, the grains should further be irregu- 
lar and/or plastic, i.e. be able to change their shape 
when subjected to an external force and to maintain 
the new shape when the external force has ceased 

10 to act. Although it is possible to use solid grains, 
grains having a certain, preferably high porosity are 
preferred. Porous grains are obtained in a known 
manner by blowing gas or liquid through a melt of 
granular material. Optionally, the grains may be 

15 charged or coated with antibiotics and/or growth- 
stimulating agents. 

In the preferred embodiment described above, 
the grains are fluidized in the grain bed in order to al- 
low the prosthesis stem to be driven down into the 

20 grain bed in the reamed cavity. Fluidization is carried 
out in two steps, the first at a high frequency allowing 
the prosthesis stem to be driven down into the grain 
bed in that the grains of the bed placed in the cavity 
behave as a liquid. This first fluidization step is fol- 

25 lowed by fluidization at a lower frequency providing 
room for the grains in the bed between each other so 
as to be wedged with respect to each other, thus 
bringing about compaction and interlocking. Suitable 
frequencies for the vibrations required for fluidization, 

30 compaction and interlocking can easily be tested out 
in each special case by anyone of ordinary skill in the 
art and depend on factors, such as type of grains and 
type of prosthesis. Good results have been achieved 
when using a pneumatically powered, oscillating 

35 bone saw of conventional type and here provided with 
gripping means, in the case of porous titanium pow- 
der having a particle size of between 1 and 1.5 mm. 

The grain mass is fixed in the cavity by applying, 
around the prosthesis stem, a collar or ring of bone 

40 cement or plastic above the resulting, compacted, in- 
terlocking bed of grains. Alternatively, bone cement 
or an equivalent quick-setting liquid may be poured 
over the grains. 

The prosthesis (prosthesis stem) may be of a per 

45 se known type, as long as it has an outer, e.g. rough 
or uneven friction surface. Suitably, the stem consists 
of a biologically compatible, growth-stimulating mate- 
rial or has a surface layer of such a material, thus 
forming said outer friction surface. 

so In the enclosed drawing, there is shown a hip- 

joint prosthesis which has been fixed by the method 
and the means according to the present invention. 

The space between an osseous wall 1 and the 
outer wall 2 of the conical stem of a hip-joint prosthe- 

55 sis is filled with irregular grains 3 of pure titanium hav- 
ing a size of about 1 mm. The grains 3 are porous and 
have been obtained by blowing gas through a melt of 
the granular material. The grains are packed and 
wedged with respect to each other. Mechanical inter- 



3 



5 



EP 0 501 595 B1 



6 



locking is provided between the stem outer wall 2 and 
the grains adjacent thereto as well as between the 
osseous wall 1 and the grains adjacent thereto. A 
"bottom plug" 4, which advantageously consists of a 
piece of the patient's own hip-joint ball earlier re- 
moved by surgical operation, forms a lower boundary 
of the cavity and engages the surrounding osseous 
wall by a flange. A cover 5 of bone cement forms an 
upper boundary of the cavity.ln the drawing, the 
thickness of the grain layer is exaggerated for greater 
clarity. 

The above-mentioned compaction, interlocking 
and wedging and, consequently, prosthesis fixation is 
brought about in the following way. 

After the surgeon in a traditional manner has re- 
amed the part of the femur in which the prosthesis 
stem should be implanted, and applied the bottom 
plug 4, the resulting cavity is filled with said grains 3, 
sterilized e.g. by autoclaving, up to a level slightly be- 
low the opening of the reamed bone. The prosthesis 
stem is thereafter inserted in the thus obtained grain 
bed and driven into it so far that only a few mm remain 
between the collar 7 and the opening of the bone. For 
driving the prosthesis stem into the bed of grains, use 
is made of a vibrating tool with adjustable frequency, 
acting on the head 6 of the prosthesis stem and 
adapted, at a suitable vibration frequency, to loosen 
the grain bed, thus allowing the stem to penetrate into 
the bed. If the penetration of the stem into the bed be- 
comes excessively slow because of the compactness 
of the bed, the surgeon increases the vibration fre- 
quency. Once a position of the prosthesis stem has 
been obtained as defined above, the grains are sub- 
jected to such a treatment that they will settle in a 
manner to be compacted and locked to each other. 
This is preferably done by subjecting the prosthesis 
stem, by means of the vibrating tool, to a progressive- 
ly decreasing vibration frequency, by strokes on the 
prosthesis stem or otherwise. 

Bone cement is now applied in a ring around the 
stem below the collar 7, whereupon the stem is com- 
pletely driven down into the grain bed by striking with 
a hammer. This measure enhances the previously 
mentioned interlocking, wedging and applica- 
tion/ penetration effects. The bone cement in the ring 
can now be cured so as to form the cover 5. 

It has been found that the initial vibration of the 
stem most suitably is a reciprocating movement along 
an approximately horizontal circular arc. This vibra- 
tion causes the grains 3 in the stem cavity to float and 
makes it possible to rapidly drive the stem into the 
bed. 

Although the invention is described with refer- 
ence to hip-joint prostheses, it is evident to anyone 
skilled in the art that the means of the invention are 
applicable also to other types of prostheses. 



Claims 

1. Means for fixing joint prostheses the stems of 
5 which are provided with a friction surface, said 

means comprising (a) a substantially homogene- 
ous mixture of a biologically compatible granular 
material in which the grains (3) have a substan- 
tially even particle size distribution, are substan- 

w tially irregular and plastic and have a particle size 
less than 5 mm, the grains thus being fluidizable 
when subjected to vibrations of a higher frequen- 
cy and interlockable when subjected to vibrations 
of a lower frequency, and (b) a bottom plug (4) for 

15 forming a lower boundary of the bone cavity re- 
ceiving the joint prostheses. 

2. Means as claimed in claim 1 , characterized in 
that the bottom plug has a flange for engaging 

20 the cavity surrounding osseous wall of the bone. 

3. Means as claimed in claim 1 or 2, characterized 
in that the size of the grains is between 0.5 and 
2 mm. 

25 

4. Means as claimed in any one of claims 1 -3, char- 
acterized in that the mixture comprises grains (3) 
of a body-endogenous material, such as ground 
bone. 

30 

5. Means as claimed in any one of claims 1 -4, char- 
acterized in that the grains (3) are substantially 
porous. 

35 6. Means as claimed in any one of claims 1-5, char- 
acterized in that the biologically compatible 
granular material is titanium/titanium oxide, tanta- 
lum, niobium and alloys thereof, or a bioceramic 
material. 

40 

Patentanspruche 

1. Vorrichtung zum Fixieren einer Gelenkprothese, 
45 deren Schaft eine Reibungsf I3che aufweist, urrv 
fassend (a) ein im wesentlichen homogenes Ge- 
misch von einem biologisch kompatiblen kfirn'h 
gen Material, in dem die Kdrner (3) eine im we- 
sentlichen gleichfdrmige Teilchengrossenverteh 
so lung haben, im wesentlichen unregelmassig und 
plastisch sind und eine Teilchengrdsse kleiner a Is 
5 mm haben. wodurch die Kdrner unter der Ein- 
wirkung von Schwingungen einer hdheren Fre- 
quenz fluidisierbar und bei Schwingungen einer 
55 niedrigeren Frequenz gegenseitig verriegelbar 

sind, und (b) einen Bodenstopsel (4) zur Bildung 
einer unteren Begrenzung des die Gelenkprothe- 
se aufnehmenden Knochenhohlraums. 
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2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, dass der Bodenstdpsel einen Flansch 
zum Eingreifen mit der den Hohlraum umgeben- 
den Knochenwand aufweist. 

3. Vorrichtung nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, dass die Grosse der Korner zwi- 
schen 0,5 und 2 mm liegt. 

4. Vorrichtung nach einem der Anspruche 1-3, da- 
durch gekennzeichnet, dass das Gemisch K6r- 
ner (3) aus einem kfirpereigenen Stoff, beispiels- 
weise gemahlenem Knochen, umfasst. 

5. Vorrichtung nach einem der Anspruche 1-4, da- 
durch gekenzeichnet, dass die Korner (3) im we- 
sentlichen pords sind. 

6. Vorrichtung nach einem der Anspruche 1-5, da- 
durch gekennzeichnet, dass das biologisch 
kompatible kdrnige Material Titanffitanoxid, Tan- 
tal, Niob und Legierungen davon, oderein bioke- 
ramischer Stoff ist. 



Revendications 

1. Agent destine a fixer les protheses articulaires 
dont les tiges sont munies d'une surface de fric- 
tion, ledit agent comprenant (a) un melange sen- 
siblement homogene d'un materiau granulaire 
biologiquement compatible dans lequel les grains 
(3) ont une granulomere sensiblement uniforme, 
sont sensiblement irreguliers et plastiques et ont 
une taille de particules inferieure a 5 mm, les 
grains etant ainsi fluidisables lorsqu'ils sont sou- 
mis a des vibrations de haute frequence et bloca- 
bles mutuellement lorsqu'ils sont soumis a des vi- 
brations de basse frequence, et (b) un bouchon 
de fond (4) destine a former une limite inferieure 
de la cavit6 osseuse recevant les protheses arti- 
culaires. 

2. Agent selon la revendication 2, caracterise en ce 
que le bouchon de fond possede un rebord des- 
tine a venir en contact avec la paroi osseuse en- 
vironnante de I'os. 

3. Agent selon la revendication 1 ou 2, caracterise 
en ce que la taille des grains est comprise entre 
0,5 et 2 mm. 

4. Agent selon Tune quelconque des revendications 
1 a 3, caracterise en ce que le melange com p rend 
des grains (3) en un materiau endogene de i'or- 
ganisme tel que de i'os broye. 

5. Agent selon Tune quelconque des revendications 



1 a 4, caracterise en ce que les grains (3) sont 
sensiblement poreux. 

5 6. Agent selon Tune quelconque des revendications 
1 a 5, caracterise en ce que le materiau granulaire 
biologiquement compatible est du titane/oxyde 
du titane, du tantale, du niobium et des alliages 
de ceux-ci ou un materiau bioceramique. 
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